The value of diatoms as bioindicators of contemporary and palaeolimnological studies through 29 transfer function development has increased in the last decades. While they represent a tremendous 30 advance in (palaeo) ecology, these models also leave behind important sources of uncertainties that 31 are often ignored. In the present study we tackle two of the most important sources of uncertainty in 32 the development of diatom salinity inference models: the effect of secondary variables associated to 33 seasonality and the comparison of conventional cross-validation methods with a validation based on 34 independent datasets. Samples (diatoms and environmental variables) were taken in spring, summer 35 and autumn in the freshwater and brackish ditches of the province of North Holland in 1993 and 36 sampled again different locations of the same province in 2008-2010 to validate the models. We 37 found that the abundance of the dominant species significantly changed between the seasons, leading 38 to inconsistent estimates of species optima and tolerances. A model covering intra-annual variability 39 (all seasons combined) provides averages of species optima and tolerances, reduces the effect of 40 secondary variables due to the seasonality effects, thus providing the strongest relationship between 41 salinity and diatom species. In addition, the ¨all-season¨ model also reduces the edge effects usually 42 found in all unimodal-based calibration methods. While based on cross-validation all four models 43 seem to perform relatively well, a validation with an independent dataset emphasizes the importance 44 of using models covering intra-annual variability to perform realistic reconstructions. 45 46 level reconstruction efforts [6][7][8]. These models require extremely high predictive precision given the 3 53 often subtle changes they need to quantify. However, the application of transfer functions to model a 54 single variable (e.g. salinity) is problematic under multiple response triggers [9, 10]. The effect of 55 secondary gradients on model performance and importantly on the forthcoming reconstructions, has 56 yet received surprisingly little attention. Quantitative reconstructions are a form of space-for-time 57 substitution [11], and as such require that the co-variation between the modelled variable and 58 potentially confounding underlying ecological factors is constant in both time and space. In most 59 situations this is difficult to test, but nonetheless a highly unrealistic assumption. Firstly, this inherent 60 problem of quantitative reconstructions is especially evident in relation to seasonality (referring to 61 biological and chemical changes occurring in continental waters according to the different seasons in 62 temperate climates). In diatom populations, seasonal succession is characterized by changes in 63 nutrient concentrations, light [12], thermal stratification and predator-prey relationships [13, 14]. In 64 addition, diatom communities follow distinct seasonal succession patterns caused by changes in life-65 history traits [15, 16] and nutrient stoichiometry [17]. Despite the high likelihood that a modern 66 training set selected for building a transfer function will be influenced by the seasonality effects, the 67 strength of such dependences is not yet known, yet. Only a limited number of diatom-based studies 68 have used contemporary data to facilitate interpretation of sediment core in terms intra-annual diatom 69 distribution [18]. The few studies available that have analyzed the effect of seasonality on diatom-70 based transfer functions generally focused on nutrient variables. However, the effect of many other 71 environmental variables can be obscured by seasonality, including salinity. The potential effect of 72 seasonality is thereby extremely important, given the intra-annual variability of salinity that needs to 73 be separated from the long-term changes. A second limitation in the development of transfer 74 functions is the lack of independent data sets to test the reliability of the reconstructions [19]. Usually 75 the predictive ability of the transfer functions is only assessed by cross-validation methods. If the 76 observations in the calibration set are not independent, because of autocorrelation or other types of 77 pseudo-replication, performance statistics based on cross-validation will be over-optimistic [20].
Introduction
Diatom assemblage changes provide an excellent basis for inferring environmental changes 48 from seasonal scales to decadal or centennial scales given their sensitivity to a broad variety of 49 habitat parameters. Available transfer functions cover nutrient status of freshwater bodies, 50 temperature, as well as salinity dynamics [1] [2] [3] [4] [5] . Diatom-based models to infer salinity or tidal height 51 have recently become an increasing focus in transfer function development as a potential tool in sea . 182 We further evaluated the ability of the model to predict salinity through an independent 183 validation: We used the data from the training set to develop transfer functions and tested their 184 accuracy using the validation dataset. These analyses were performed using C2 version 1.7 software.
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[43]. The analysis of PERMANOVA revealed that diatom community composition is affected by 195 seasonality, in terms of overall differences in species abundances: spring-summer p=0.001; spring-196 autumn p < 0.001; summer-autumn p=0.01 (Table 2 and Fig 2) . The species that contributed the most 197 to the differences between the seasons are shown in Table 3 . In contrast, the analysis of multivariate 198 dispersions showed that seasonality does not affect beta diversity or community heterogeneity (Table   199 2). Therefore the two analyses of community structure showed that the seasonal differences in diatom The validation of the model using an independent dataset is shown in Fig. 6 . The models to four models (Fig 6) . 
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When we tested the performance of the models using the completely independent validation 348 dataset, we also found that the ¨all-season¨ model performed the best. Although the four models (Table 4) . 
